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forming a non-metallic light-blocking thin film on the base substrate,
and forming a patterned light-blocking layer in the pixel definition
region by a patterning process
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forming a patterned metal layer on a light incident side of the patterned

light-blocking layer, wherein an orthogonal projection of the patterned 9101
light-blocking layer on the pixel definition region at least partially

overlaps that of the patterned metal layer on the pixel definition region
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ARRAY SUBSTRATE WITH PATTERNED
LIGHT-BLOCKING LAYER FOR
PREVENTING REFLECTION OF AMBIENT
LIGHT, MANUFACTURING METHOD
THEREOFK, CORRESPONDING DISPLAY
PANEL AND DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims the priority of the Chinese
patent application No. 2017100247752.5 filed on Jan. 13,
2017, the disclosure of which 1s incorporated herein by
reference 1n its entirety.

TECHNICAL FIELD

The present disclosure relates to the field of display
technologies, and 1n particular to an array substrate, a
manufacturing method thereof, as well as a corresponding,
display panel and display device.

BACKGROUND ART

At present, liquid crystal displays (LCDs) are used more
and more widely due to their advantages, such as low power
consumption, minaturization, thinness and light weight.

A liquid crystal display device comprises a liquid crystal
display panel and a backlight source. Typically, 1n a liqud
crystal display device, gate lines and data lines are mostly
formed of metallic materials with a high conductivity, such
as aluminum (Al) or copper (Cu), in order to promote the
charging rate of pixels and reduce the line width and the
resistance of wires. Meanwhile, 1n a liquid crystal display
device, a bezel covers a relatively large area. As a result, the
bezel of the liquid crystal display device has a large overall
s1ze, and hence a narrow bezel design cannot be achieved.
The high reflectivity of the metallic materials and the
blocking of light by the bezel may both potentially reduce
the quality and contrast of the product.

SUMMARY

Embodiments of the present disclosure provide an array
substrate, a manufacturing method thereof, as well as a
corresponding display panel and display device, so as to
climinate or at least partially alleviate one or more of the
defects as mentioned above.

According to an embodiment of the present disclosure, an
array substrate 1s provided. Specifically, the array substrate
comprises a display area and a non-display area, wherein the
display area comprises a plurality of pixel regions and a
pixel definition region between various pixel regions. Fur-
thermore, the array substrate further comprises a base sub-
strate, as well as a patterned metal layer and a patterned
light-blocking layer superimposed in the pixel definition
region on the base substrate, wherein the patterned light-
blocking layer 1s closer to a light incident side of the array
substrate than the patterned metal layer 1s, and the patterned
light-blocking layer 1s made of a non-metallic material.
Besides, an orthogonal projection of the patterned light-
blocking layer on the pixel definition region at least partially
overlaps that of the patterned metal layer on the pixel
definition region.

Optionally, 1n a specific embodiment of the array substrate
provided by the present disclosure, the patterned light-
blocking layer of the array substrate 1s configured to block
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visible light. Alternatively, in other embodiments, the pat-
terned light-blocking layer i1s configured to only allow
passage of light 1n one polarization direction.

Optionally, 1n a specific embodiment of the array substrate
provided by the present disclosure, the patterned light-
blocking layer 1s made of a rod quantum dot material and
only allows passage of light in one polarization direction. In
this embodiment, furthermore, a long-axis direction of the
rod quantum dots 1s the same as the polarization direction of
light that 1s allowed to pass.

Optionally, 1n a specific embodiment of the array substrate
provided by the present disclosure, the patterned light-
blocking layer 1s made of black resin and configured to block
visible light.

Optionally, 1n a specific embodiment of the array substrate
provided by the present disclosure, an orthogonal projection
of the patterned light-blocking layer on the pixel definition
region completely covers that of the patterned metal layer on
the pixel defimition region.

Optionally, 1n a specific embodiment, the patterned light-
blocking layer 1s formed between the patterned metal layer
and the base substrate.

Optionally, 1n a specific embodiment of the array substrate
provided by the present disclosure, the patterned light-
blocking layer and the pixel definition region completely
comncide. This means that the patterned light-blocking layer
and the pixel definition region are the same in shape and
S1ZE.

Optionally, 1n a specific embodiment of the array substrate
provided by the present disclosure, the patterned metal layer
comprises a first patterned metal layer and a second pat-
terned metal layer that are superimposed (1.e., located on
different layers), and the patterned light-blocking layer com-
prises a first patterned light-blocking layer and a second
patterned light-blocking layer that are superimposed (1.e.,
located on different layers). In this case, particularly, the first
patterned light-blocking layer and the first patterned metal
layer are formed by one patterning process, and the second
patterned light-blocking layer and the second patterned
metal layer are formed by one patterning process.

According to an embodiment of the present disclosure, a
display panel 1s provided, comprising: the array substrate as
mentioned 1 any of the above embodiments and a color
filter substrate. Further optionally, when the patterned light-
blocking layer in the array substrate only allows passage of
light 1n one polarization direction, the display panel further
comprises a polarizer arranged on the array substrate,
wherein the polarization direction of light that the patterned
light-blocking layer allows to pass therethrough 1s perpen-
dicular to a transmission axis of the polarizer.

According to an embodiment of the present disclosure, a
display device 1s provided, comprising: the display panel as
mentioned 1n any of the above embodiments and a backlight
source, wherein the color filter substrate 1n the display panel
1s closer to the backlight source than the array substrate 1s.

According to an embodiment of the present disclosure, a
manufacturing method for an array substrate 1s provided,
wherein the array substrate comprises a display area and a
non-display area, wherein the display area comprises a
plurality of pixel regions and a pixel definition region
between various pixel regions. Specifically, the manufactur-
ing method comprises steps of: forming a non-metallic
light-blocking thin film on the base substrate; forming a
patterned light-blocking layer in the pixel definition region
by a patterning process; and forming a patterned metal layer
on a light incident side of the patterned light-blocking layer,
wherein an orthogonal projection of the patterned light-
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blocking layer on the pixel definition region at least partially
overlaps that of the patterned metal layer on the pixel
definition region.

According to an embodiment of the present disclosure, a
manufacturing method for an array substrate 1s provided,
wherein the array substrate comprises a display area and a
non-display area, wherein the display area comprises a
plurality of pixel regions and a pixel definition region
between various pixel regions. Specifically, the manufactur-
ing method comprises at least one of steps as follows:
forming a first light-blocking thin film and a first metal thin
film on the base substrate sequentially, and patterning the
first light-blocking thin film and the first metal thin film
simultaneously to form a first patterned light-blocking layer
and a first patterned metal layer that are superimposed,
wherein the first patterned metal layer comprises gate lines
and a gate electrode; and forming a second light-blocking
thin film and a second metal thin film on the base substrate
sequentially, and patterning the second light-blocking thin
film and the second metal thin film simultaneously to form
a second patterned light-blocking layer and a second pat-
terned metal layer that are superimposed, wherein the sec-

ond patterned metal layer comprises data lines and a source-
drain electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to illustrate technical solutions 1n embodiments
of the present disclosure more clearly, drawings will be
briefly introduced as follows. Apparently, the drawings in
the depiction below only show some embodiments of the
present disclosure. For a person having ordinary skills in the
art, other suitable embodiments can also be obtained from
these drawings without any inventive efforts.

FIG. 1 1s a schematic structure view for a liquid crystal
display panel according to the prior art;

FIG. 2 1s a schematic structure view for another liquid
crystal display panel according to the prior art;

FIG. 3 1s a schematic structure view for an array substrate
according to an embodiment of the present disclosure;

FIG. 4(a) 1s a schematic structure view for an array
substrate according to another embodiment of the present
disclosure:

FIG. 4(b) 1s a schematic structure view for an array
substrate according to yet another embodiment of the pres-
ent disclosure;

FIG. 5 1s a schematic structure view for a liquid crystal
display panel according to an embodiment of the present
disclosure:

FIG. 6 15 a flow diagram of a manufacturing method for
an array substrate according to an embodiment of the present
disclosure:

FIG. 7(a) 1s a schematic structure view for a patterned
light-blocking layer formed in the pixel definition region of
the array substrate according to an embodiment of the
present disclosure;

FIG. 7(b) 1s a schematic structure view for a patterned
light-blocking layer formed in the pixel definition region of
the array substrate according to another embodiment of the
present disclosure;

FIG. 8 1s a sectional view along line AA' 1n FIG. 7(a) or
along line BB' 1n FIG. 7(b);

FIG. 9 1s a schematic structure view for a patterned
light-blocking layer and a patterned metal layer formed on
the base substrate according to an embodiment of the present
disclosure; and
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FIG. 10 1s a schematic structure view for a first light-
blocking thin film and a first metal thin film formed on the

base substrate according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The technical solutions 1n embodiments of the present
disclosure will be described clearly and completely as
follows with reference to the drawings. Obviously, the
described embodiments are only part of the embodiments of
the present disclosure, instead of all. Based on the depictions
herein, all other embodiments, obtainable by a person hav-
ing ordinary skills 1n the art without any inventive efiorts,
shall fall within the protection scope of the present disclo-
sure.

In the following drawings, reference numerals are used as
follows to refer to components in the array substrate, the
display panel or the display device: 01—wiring area;
02—display area; 03—pixel region; 04—pixel definition
region; 10—array substrate; 101—{irst polarizer (polarizer);
20——color filter substrate; 201—second polarizer; 30—be-
zel, 40—chip-on-film (COF); 50—patterned metal layer;
60—base substrate; 70—patterned light-blocking layer;
80—Iliquid crystal layer; 90—first light-blocking thin film;
and 100—Airst metal thin film.

As shown 1 FIG. 1 and FIG. 2, typically, a liquid crystal
display panel comprises: an array substrate 10, a color filter
substrate 20, a liquid crystal layer (not shown 1n FIG. 1 and
FIG. 2) arranged between the array substrate 10 and the
color filter substrate 20, a first polarizer 101 arranged on the
array substrate 10, and a second polarnizer 201 arranged on
the color filter substrate 20. Specifically, the array substrate
10 1s turther provided with gate lines for controlling a gate
clectrode and data lines for controlling a pixel electrode.
Generally, the gate lines and the data lines are mostly formed
of metallic materials having a high conductivity, such as
aluminum (Al) or copper (Cu), so as to promote the charging
rate of pixels and reduce the line width and the resistance of
WIres.

As shown 1n FIG. 1, 1n a conventional solution, the color
filter substrate 20 1s generally arranged on a light emergent
side, and the array substrate 10 1s arranged on a light incident
side. Furthermore, the pixel definition region can be shielded
by a black matrix (BM for short) on the color filter substrate
20, and thereby patterned metal layers that reflect light easily
(e.g., the gate lines, the gate electrode, the data lines or the
source-drain electrode) can be shielded. In this way, the
quality and contrast of the product can be improved. How-
ever, as shown 1n FIG. 1, generally, the bezel 30 not only
needs to wrap the wiring area (Pad area) 01 on the periphery
of the array substrate 10, but also needs to overlap the
second polarizer 201 on the color filter substrate 20 to some
extent, so as to protect the chip-on-film (COF) 40 and
prevent peripheral leakage of light. As can be seen, the bezel
30 covers a relatively large area, and thus the general bezel
of the liquid crystal display device has a large size. There-
fore, 1t cannot achieve a narrow bezel design. In light of this,
the structure as shown i FIG. 2 1s mostly adopted nowa-
days, 1n order to achieve a super-narrow bezel or even
bezel-less design. Specifically, the array substrate 10 1s
arranged on the light emergent side while the color filter
substrate 20 1s arranged on the light incident side, and the
COF 40 1s curved mmwards. In this way, the size of the bezel
30 1s greatly reduced, and the potential implementation of a
bezel-less design 1s further facilitated.
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However, as shown 1n FIG. 2, it the array substrate 10 1s
arranged on the light emergent side, the patterned metal
layer 50 on the array substrate 10 will strongly reflect light
when subjected to intense light (as indicated by an arrow in
FIG. 2) due to its high reflectivity. This will typically reduce
the quality and contrast of the product.

An embodiment of the present disclosure provides an
array substrate 10. As shown 1n FIG. 3, the array substrate
10 comprises a display area 02 and a non-display area
(which 1s also called a wiring area 01 herein), wherein the
display area 02 1s divided into pixel regions 03 and a pixel
definition region 04 between various pixel regions 03. As
shown 1n FIG. 4(a) and FIG. 4(b), the array substrate 10
turther comprises a base substrate 60 as well as a patterned
metal layer 50, 1.e., metal patterns, formed in the pixel
definition region 04 on the base substrate 60. Besides, the
array substrate 10 further comprises a patterned light-block-
ing layer 70, 1.e., light-blocking patterns, formed 1n the pixel
definition region 04 and superimposed on the patterned
metal layer 50. Specifically, an orthogonal projection of the
patterned light-blocking layer 70 on the pixel definition
region 04 at least partially overlaps that of the patterned
metal layer 50 on the pixel definition region 04. Optionally,
the patterned light-blocking layer 70 1s configured to block
visible light or only allow passage of light in one polariza-
tion direction. Besides, the material of the patterned light-
blocking layer 70 comprises non-metallic materials.

It should be noted that the pixel regions 03 refer to
light-transmissive regions in the display area 02, which can
also be called opeming regions. In the display area 02,
regions other than the pixel regions 03 are defined as a pixel
definition region 04, 1.e., a non-light-transmissive region 1n
the display area 02.

It should be further pointed out that, as can be easily
understood by those skilled in the art, the array substrate 10
can further comprise a thin film transistor and a pixel
clectrode, wherein the thin film transistor specifically com-
prises a gate electrode, a gate insulating layer, a source
electrode and a drain electrode, wherein the drain electrode
1s electrically connected with the pixel electrode. Moreover,
the array substrate 10 can further comprise gate lines and
data lines arranged to be insulated from and intersect with
cach other. Obviously, the array substrate 10 can further
comprise a common electrode. The present disclosure only
schematically shows 1in the drawings of the description film
layers of the array substrate 10 related to the inventive
concept, but does not show other film layers. Besides, the
type of the patterned metal layer 30 on the array substrate 10
1s not limited at all 1in the present disclosure. For example,
the patterned metal layer 50 can be at least one of the gate
lines, the gate electrode, the data lines and the source-drain
clectrode.

Furthermore, it should be further noted that the display
panel generally comprises an array substrate 10 and a color
filter substrate 20 aligned with the array substrate 10, as
shown 1n FIG. 5. In this case, the light incident side of the
display panel 1s an upper side, and an external side of the
patterned metal layer 50 refers to a side of the patterned
metal layer 50 remote from the color filter substrate 20,
while a side of the patterned metal layer 50 closer to the
color filter substrate 20 1s namely an internal side of the
patterned metal layer 50. In view of this, the patterned
light-blocking layer 70 1s formed on the light incident side
of the display panel, 1.¢., on the external side of the patterned
metal layer 50. For example, with reference to FIG. 4(a), the
patterned light-blocking layer 70 1s formed between the
patterned metal layer 50 and the base substrate 60. Alterna-
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tively, with reference to FIG. 4(b), the patterned light-
blocking layer 70 1s formed on a side of the base substrate
60 facing away from the patterned metal layer 50.

Besides, 1t should be further noted that an orthogonal
projection of the patterned light-blocking layer 70 on the
pixel definition region 04 at least partially overlaps that of
the patterned metal layer 50 on the pixel definition region
04. This means that orthogonal projections of the patterned
light-blocking layer 70 and the patterned metal layer S0 can
overlap each other partially or completely. Those skilled 1n
the art should be clear that an orthogonal projection refers to
a perpendicular projection on a projection surface. In the
present application, this means that the patterned light-
blocking layer 70 and the patterned metal layer S0 are
projected 1n a direction perpendicular to the pixel definition
region 04.

At last, 1t should be emphasized that when the patterned
light-blocking layer 70 1s used for blocking visible light,
materials of the patterned light-blocking layer 70 can be the
same as that of the black matrix pattern on the color filter
substrate 20. For example, the patterned light-blocking layer
70 can be black resin. In this case, since the material of the
patterned light-blocking layer 70 1s a non-metallic material,
it will not reflect light, or the reflection can be omitted. In
this way, the patterned light-blocking layer 70 can prevent
light from irradiating the patterned metal layer 50 that
overlaps the patterned light-blocking layer 70, and thereby
prevent reflection on the patterned metal layer 50. Similarly,
when the patterned light-blocking layer 70 only allows
passage of light in one polarization direction, the patterned
light-blocking layer 70 has the same function as the polar-
izer, and the light passing through the patterned light-
blocking layer 70 1s linearly polarized light.

Besides, 1 the patterned light-blocking layer 70 only
partially overlaps the patterned metal layer 50, and the
patterned light-blocking layer 70 1s used for blocking visible
light, the patterned light-blocking layer 70 can not only
prevent light from 1rradiating the corresponding patterned
metal layer 50, but also prevent the part of patterned metal
layer 50 not overlapping the patterned light-blocking layer
70 from reflecting light.

In light of the above discussion, in the array substrate 10
provided by an embodiment of the present disclosure, the
patterned metal layer 50 and the patterned light-blocking
layer 70 are superimposed 1n the pixel definition region 04,
and the matenal of the patterned light-blocking layer 70 1s
a non-metallic material. In this way, i1 the array substrate 10
1s arranged on the light emergent side of the display panel,
reflection of light by the corresponding patterned metal layer
50 can be efllectively prevented due to the existence of the
patterned light-blocking layer 70. Specifically, when the
patterned light-blocking layer 70 i1s configured to block
visible light, the patterned light-blocking layer 70 can pre-
vent light from 1rradiating the patterned metal layer 50 that
overlaps the patterned light-blocking layer 70, and thereby
prevent reflection on the patterned metal layer 50. In this
way, reduce of the quality and contrast of the product can be
avoided. Similarly, when the patterned light-blocking layer
70 only allows passage of light in one polarization direction,
and the array substrate 10 1s further provided with a polar-
izer, the light passing through the polarizer on the array
substrate 10 1s linearly polarized light. In this case, the
transmission axis of the polarizer 1s perpendicular to the
polarization direction of the light that the patterned light-
blocking layer 70 allows to pass therethrough. Thus, when
the linearly polarized light passing through the polarizer
irradiates the patterned light-blocking layer 70, 1t will be
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blocked by the patterned light-blocking layer 70. Therefore,
light cannot irradiate the patterned metal layer 50 that
overlaps the patterned light-blocking layer 70. This helps to
prevent reflection on the patterned metal layer 50, and thus
avoid reducing the quality and contrast of the product.

In an optional embodiment, the patterned light-blocking
layer 70 only allows passage of light 1n one polarization
direction, and 1s made of a rod quantum dot material. In this
case, a long-axis direction of the rod quantum dots 1s the
same as the polarization direction of the light that the
patterned light-blocking layer 70 allows to pass there-
through.

According to other examples of the above embodiment, 11
the long axis of the rod quantum dots 1s arranged along a
certain direction to form a rod quantum dot layer (1.e., the
patterned light-blocking layer 70), the rod quantum dot layer
will have a directional selectivity. In other words, the rod
quantum dot layer will allow passage of light in parallel to
the long-axis direction of the rod quantum dots. Therefore,
when the material of the patterned light-blocking layer 70 1s
a rod quantum dot material, light passing through the
patterned light-blocking layer 70 will be linearly polarized
lig_lt.
In an embodiment of the present disclosure where the
patterned light-blocking layer 70 only allows passage of
light 1n one polarization direction, when the patterned light-
blocking layer 70 1s used in combination with a polarizer,
and the transmission axis of the polarizer 1s made perpen-
dicular to the polanization direction of the light that the
patterned light-blocking layer 70 allows to pass there-
through, the light passing through the polarizer on the array
substrate 10 will be prevented from 1rradiating the patterned
metal layer 50 that overlaps the patterned light-blocking
layer 70. Hence, reflection on the patterned metal layer 50
will be prevented.

Further optionally, the patterned light-blocking layer 70 1s
turther configured to block visible light and 1s made of black
resin.

Specifically, when the patterned light-blocking layer 70 1s
used for blocking visible light, the material of the patterned
light-blocking layer 70 can be the same as that of the black
matrix pattern, e.g., black resin.

In an embodiment of the present disclosure, when the
material of the patterned light-blocking layer 70 1s black
resin, the black resin can prevent light from 1rradiating the
patterned metal layer 50 that overlaps the patterned light-
blocking layer 70. Thereby, retlection on the patterned metal
layer 50 can be avoided. Furthermore, when the patterned
light-blocking layer 70 and the pixel definition region 04 are
the same 1n shape and size, the patterned light-blocking layer
70 can serve as a black matrix pattern on the color filter
substrate 20.

Optionally, as shown in FIG. 4(a) and FIG. 4(b), an
orthogonal projection of the patterned metal layer 50 com-
pletely covers that of the patterned light-blocking layer 70.
That 1s, the border of the patterned metal layer 50 falls
within the border of the patterned light-blocking layer 70.

Specifically, the border of the patterned metal layer 50
falling within the border of the patterned light-blocking
layer 70 can mean that the border of the patterned metal
layer 50 and the border of the patterned light-blocking layer
70 coincide, or that the border of the patterned metal layer
50 1s enclosed by the border of the patterned light-blocking
layer 70.

In an embodiment of the present disclosure where the
border of the patterned metal layer 50 falls within the border
of the patterned light-blocking layer 70, the patterned light-

10

15

20

25

30

35

40

45

50

55

60

65

8

blocking layer 70 can completely shield the patterned metal
layer 50. Therefore, the ambient light 1s prevented from
irradiating the patterned metal layer 50 and being reflected
thereon.

In an embodiment of the present disclosure, 1f the pat-
terned light-blocking layer 70 1s formed on a side of the base
substrate 60 facing away from the patterned metal layer 50,
and the array substrate 10 1s further provided with a polar-
izer, the polarizer will be formed on the patterned light-
blocking layer 70. In this case, since the patterned light-
blocking layer 70 1s formed only in the pixel defimition
region 04, the polarizer will be uneven if it 1s formed on the
patterned light-blocking layer 70. This 1n turn affects the
performance of the liqud crystal display panel. In view of
this, 1n an embodiment of the present disclosure, optionally,
the patterned light-blocking layer 70 1s formed between the
patterned metal layer 50 and the base substrate 60, as shown
in FIG. 4(a).

Optionally, the patterned light-blocking layer 70 and the
pixel definition region 04 are the same in shape and size. It
should be noted that, the patterned light-blocking layer 70
and the pixel defimition region 04 being the same in shape
and size can mean that they are completely the same, or
approximately the same.

In an embodiment of the present disclosure, the patterned
light-blocking layer 70 and the pixel definition region 04 are
the same or approximately the same 1n shape and size. In
light of this, on one hand, the patterned light-blocking layer
70 can completely shield the pixel defimition region 04.
Therefore, when the ambient light 1irradiates the pixel defi-
nition region 04, reflection of light by the patterned metal
within the pixel definition region 04 can be avoided. On the
other hand, since the pattemed light-blocking layer 70 and
the pixel defimition reglon 04 are the same or approximately
the same 1n shape and size, 1t 1s only necessary to manu-
facture one patterned light-blocking layer 70 for the purpose
of shielding all patterned metal layers 50. This can simplity
the manufacture process of the array substrate 10, as com-
pared with the case where the patterned light-blocking layer
70 1s manufactured on the external side of each patterned
metal layer 50.

Optionally, 1n a specific embodiment, the patterned metal
layer 50 comprises a first patterned metal layer and a second
patterned metal layer that are located on different layers.
Similarly, the patterned light-blocking layer 70 comprises a
first patterned light-blocking layer and a second patterned
light-blocking layer that are located on different layers.
Besides, the first patterned light-blocking layer and the first
patterned metal layer are formed by one patterming process,
while the second patterned light-blocking layer and the
second patterned metal layer are formed by one patterning
Process.

In this embodiment, types of the first patterned metal layer
and the second patterned metal layer are not limited. Exem-
plarly, the first patterned metal layer can comprise gate lines
and a gate electrode, while the second patterned metal layer
can comprise data lines and a source-drain electrode. Alter-
natively, the first patterned metal layer can comprise data
lines and a source-drain electrode, while the second pat-
terned metal layer can comprise gate lines and a gate
clectrode.

In an embodiment of the present disclosure, the first
patterned light-blocking layer and the first patterned metal
layer are formed by one patterning process, so that the first
patterned light-blocking layer and the first patterned metal
layer are the same in shape and size. In this case, when the
array substrate 10 1s arranged on the light emergent side of
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the liguid crystal display panel, the first patterned light-
blocking layer can completely shield the first patterned
metal layer, thereby preventing light from irradiating the
first patterned metal layer and avoiding reflection on the first
patterned metal layer. Likewise, the second patterned light-
blocking layer and the second patterned metal layer are
formed by one patterning process, so that the second pat-
terned light-blocking layer and the second patterned metal
layer are the same in shape and size. In light of this, when
the array substrate 10 1s arranged on the light emergent side
of the display panel, the second patterned light-blocking
layer can completely shield the second patterned metal layer,
thereby preventing light from irradiating the second pat-
terned metal layer and avoiding reflection on the second
patterned metal layer.

In view of above, the manufacture process of the array
substrate can be simplified, because the first patterned light-
blocking layer and the first patterned metal layer are formed
by one patterning process, and the second patterned light-
blocking layer and the second patterned metal layer are
formed by one patterning process.

An embodiment of the present disclosure further provides
a display panel. As shown in FIG. §, the display panel
comprises the array substrate 10 as mentioned 1n any of the
above embodiments and a color filter substrate 20. Further-
more, 1n a specific embodiment, the patterned light-blocking,
layer 70 on the array substrate only allows passage of light
in one polarization direction. In this case, the display panel
turther comprises a polarizer 101 arranged on the array
substrate 10, wherein a transmission axis of the polarizer
101 1s perpendlcular to the polarization direction of the light
that the patterned light-blocking layer 70 allows to pass
therethrough.

Specifically, as shown in FIG. 5, apart from the array
substrate 10 and the color filter substrate 20, the liqud
crystal display panel further comprises a liquid crystal layer
80 filled between the array substrate 10 and the color filter
substrate 20. Herein, when the array substrate 10 1s arranged
on the light emergent side of the liquid crystal display panel,
the color filter substrate 20 can be the same as the color filter
substrate 20 in the prior art, 1.e., comprising a color film
layer and a black matrix pattern. Obviously, when the
material of the patterned light-blocking layer 70 1s black
resin, and the patterned light-blocking layer 70 and the pixel
definition layer 01 are the same 1n shape and size, optionally,
the black matrix pattern on the color filter substrate 20 can
be omitted, because a patterned light-blocking layer 70 has
been manufactured on the array substrate 10. This simplifies
the manufacture process of the display panel.

It should be noted that 1n the description of the present
disclosure, FIG. 5 only shows structures related to the
inventive concept, but does not show other structures. In the
description of the present disclosure and the drawings of the
description, the polarizer 101 arranged on the array substrate
10 refers to a first polarizer 101.

An embodiment of the present disclosure further provides
a display panel. Specifically, the display panel comprises an
array substrate 10, wherein a patterned light-blocking layer
70 1s formed on the external side of the patterned metal layer
50 of the array substrate, and the patterned light-blocking
layer 70 1s made of a non-metallic material. In this way, if
the array substrate 10 1s arranged on the light emergent side
of the display panel, reflection of light by the corresponding
patterned metal layer 50 can be effectively prevented due to
the existence of the patterned light-blocking layer 70. Spe-
cifically, when the patterned light-blocking layer 70 1s
configured to block visible light, the patterned light-block-
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ing layer 70 can prevent light from irradiating the patterned
metal layer 50 that overlaps the patterned light-blocking
layer 70, thereby preventing reflection on the patterned
metal layer 50, and thus avoiding reduce of the quality and
contrast of the product. Similarly, when the patterned light-
blocking layer 70 only allows passage of light in one
polarization direction, and the array substrate 10 1s further
provided with a polarizer 101, the light passing through the
polarizer 101 on the array substrate 10 1s linearly polarized
light In this case, since the transmission axis of the polarizer
101 1s perpendicular to the polarization direction of the light
that the patterned light-blocking layer 70 allows to pass
therethrough, the linearly polarized light will be blocked by
the patterned light-blocking layer 70 when passing through
the polarizer 101 and irradiating the patterned light-blocking
layer 70. Therefore, light cannot irradiate the patterned
metal layer 50 that overlaps the patterned light-blocking
layer 70. This can prevent reflection on the patterned metal
layer 50, and thus avoid reducing the quality and contrast of
the product.

An embodiment of the present disclosure further provides
a display device. Specifically, the display device comprises
the display panel as mentioned 1n any of the above embodi-
ments and a backlight source, wherein the color filter
substrate 20 of the display panel 1s closer to the backlight
source than the array substrate 10 1s.

Herein, 1n the display panel, the color filter substrate 20 1s
closer to the backlight source than the array substrate 10 1s.
In other words, the color filter substrate 20 1s arranged on the
light incident side of the display panel, and the array
substrate 10 1s arranged on the light emergent side of the
display panel. By arranging the array substrate 10 on the
light emergent side of the display panel and the color filter
substrate 20 on the light incident side of the display panel,
the size of the bezel can be reduced. Thereby, a narrow-bezel
or even bezel-less design of the display device can be
achieved, and the competition of the display device can be
increased.

The display device as provided in embodiments of the
present disclosure can be any device. For example, 1t can
display motion images (e.g., video) or still images, and 1t can
turther display words or pictures. To be more specific, it 1s
foreseeable that any of the above embodiments can be
applied 1n multiple electronic devices or associated with
multiple electronic devices. These electronic devices com-
prise for example, but are not limited to, a mobile phone, a
wireless device, a personal data assistant (PDA), a hand-held
or portable computer, a GPS receiver or navigator, a camera,
an MP3 player, a camera, a game console, a watch, a clock,
a calculator, a TV monitor, a tablet display, a computer
monitor, an automobile display (e.g., odometer display etc.),
a navigator, a cabin controller and/or display, a display of
camera views (e.g., a display of a rear-view camera 1n
vehicles), an electronic photo, an electronic billboard or
s1gn, a projector, an architectural structure, a packaging and
aesthetic structure (e.g., a display for displaying images of
a jewelry) and so on. Obviously, the electronic devices can
turther be a display component like a liguad crystal display
panel.

An embodiment of the present disclosure provides a
display device. Specifically, the display device comprises an
array substrate 10, wherein a patterned light-blocking layer
70 1s formed on the external side of the patterned metal layer
50 of the array substrate 10, and the patterned light-blocking
layer 70 1s made of a non-metallic material. In this way, 1f
the array substrate 10 1s arranged on the light emergent side
of the display panel, reflection of light by the corresponding




US 10,656,487 B2

11

patterned metal layer 50 can be effectively prevented due to
the existence of the patterned light-blocking layer 70. In this
case, the patterned light-blocking layer 70 1s further config-
ured to block visible light or only allow passage of light in
one polarization direction. This can prevent light from
irradiating the patterned metal layer 50 that overlaps the
patterned light-blocking layer 70, thereby preventing reflec-
tion on the patterned metal layer 50 and avoiding reduce in
the quality and contrast of the product.

An embodiment of the present disclosure further provides
a manufacturing method for an array substrate. As shown 1n
FIG. 6, the manufacturing method comprises steps as fol-
lows.

In Step S100, as shown i FIG. 7 and FIG. 8, a non-
metallic light-blocking thin film 1s formed on the base
substrate 60, and a patterned light-blocking layer 70 1s
formed in the pixel definition region 04 by a patterning
process.

Optionally, the patterned light-blocking layer 70 1s con-
figured to block visible light or only allow passage of light
in one polarization direction.

In the above embodiment, the size and shape of the
patterned light-blocking layer 70 are not limited at all.
Specifically, as shown 1 FIG. 7(a), the patterned light-
blocking layer 70 and the pixel definition region 04 are the
same or approximately the same 1n size and shape. Alter-
natively, as shown i FIG. 7(b), 1t 1s ensured that the
patterned light-blocking layer 70 and the patterned metal
layer 50 formed subsequently have overlapping projections
in the pixel definition region 04.

Herein, a light-blocking thin film can be formed on the
base substrate 60 by evaporation, and a patterned light-
blocking layer 70 can be formed in the pixel definition
region 04 by exposure, developing and etching. When the
material of the patterned light-blocking layer 70 1s a rod
quantum dot material, the long-axis of the rod quantum dots
1s arranged along a certain direction. In the subsequent
process, 1I a polarizer 1s to be attached, the transmission axis
of the polarizer 1s perpendicular to the long-axis direction of
the rod quantum dots.

In Step S101, as shown 1n FIG. 9, a patterned metal layer
50 1s formed on the light incident side of the patterned
light-blocking layer 70, wherein an orthogonal projection of
the patterned light-blocking layer on the pixel definition
region at least partially overlaps that of the patterned metal
layer on the pixel definition region.

Specifically, the step of forming a patterned metal layer 50
can comprise: firstly forming a metal thin {ilm, then applying
a photoresist on the metal thin film, and performing an
exposure process by using a corresponding mask plate. After
that, a metal pattern 50 1s formed by developing and etching.

It should be noted that the array substrate can comprise a
plurality of patterned metal layers 50 located on different
layers. In this way, 1f the patterned light-blocking layer 70
and the pixel definition region 04 are the same or approxi-
mately the same 1n size and shape, the plurality of patterned
metal layers 50 can be shielded completely, since the pat-
terned light-blocking layer 70 completely shields the pixel
definition region 04. As can be seen, it 1s only necessary to
form other patterned metal layers 50 after step S101. Alter-
natively, if the patterned light-blocking layer 70 has a
relative small size and can only overlap one patterned metal
layer 50, step S100 and step S101 can be repeated such that
cach patterned metal layer 50 overlaps a patterned light-
blocking layer 70.

An embodiment of the present disclosure provides a
manufacturing method for an array substrate. A patterned
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light-blocking layer 70 1s formed on the light incident side
of the patterned metal layer 50, and the patterned light-
blocking layer 70 1s made of a non-metallic material. In this
way, 1 the array substrate 10 1s arranged on the light
emergent side of the display panel, reflection of light by the
corresponding patterned metal layer 50 can be eflectively
prevented due to the existence of the patterned light-block-
ing layer 70. Specifically, when the patterned light-blocking
layer 70 1s configured to block visible light, the patterned
light-blocking layer 70 can prevent light from 1rradiating the
patterned metal layer 50 that overlaps the patterned light-
blocking layer 70, thereby preventing reflection on the
patterned metal layer 50, and thus avoiding reduce in the
quality and contrast of the product. Similarly, when the
patterned light-blocking layer 70 only allows passage of
light 1n one polarization direction, and the array substrate 10
1s further provided with a polarizer 101, the light passing
through the polarizer 101 on the array substrate 10 1s linearly
polarized light. Based on that, the transmission axis of the
polarizer 101 1s perpendicular to the polarization direction of
the light that the patterned light-blocking layer 70 allows to
pass therethrough. Thus, when the linearly polarized light
passing through the polarizer irradiates the patterned light-
blocking layer 70, 1t will be blocked by the patterned
light-blocking layer 70. Theretfore, light cannot 1irradiate the
patterned metal layer 50 that overlaps the patterned light-
blocking layer 70. This can prevent reflection on the pat-
terned metal layer 50, and thus avoid reducing the quality
and contrast of the product.

An embodiment of the present disclosure further provides
a manufacturing method for an array substrate, comprising
steps as follows.

As shown 1 FIG. 10, a first light-blocking thin film 90
and a first metal thin film 100 are formed sequentially on the
base substrate 60, and the first light-blocking thin film 90
and the first metal thin film 100 are patterned simultaneously
so as to form a first patterned light-blocking layer and a first
patterned metal layer that are superimposed (as shown in
FIG. 4(a)), wherein the first patterned metal layer comprises
gate lines and a gate electrode. Alternatively, a second
light-blocking thin film and a second metal thin film are
formed sequentially on the base substrate 60, and the second
light-blocking thin film and the second metal thin film are
patterned simultaneously so as to form a second patterned
light-blocking layer and a second patterned metal layer that
are superimposed, wherein the second patterned metal layer
comprises data lines and a source-drain electrode.

Specifically, 1t 1s possible to only form the first patterned
metal layer and the first patterned light-blocking layer on the
base substrate 60. Alternatively, 1t 1s also possible to only
form the second patterned metal layer and the second
patterned light-blocking layer on the base substrate 60.
Apparently, those skilled 1n the art should understand that 1t
1s possible to form the first patterned metal layer and the first
patterned light-blocking layer on the base substrate 60 first
and then form the second patterned metal layer and the
second patterned light-blocking layer. When the second
patterned metal layer and the second patterned light-block-
ing layer are also formed on the base substrate 60 1n addition
to the first patterned metal layer and the first patterned
light-blocking layer, the forming sequence of these patterned
layers 1s not limited at all. For example, 1t 1s possible to first
form the first patterned light-blocking layer and the first
patterned metal layer on the base substrate 60. Alternatively,
it 1s also possible to first form the second patterned light-
blocking layer and the second patterned metal layer on the
base substrate 60.
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Herein, patterning the first light-blocking thin film 90 and
the first metal thin film 100 specifically comprises exposing,
developing and etching the first light-blocking thin film 90
and the first metal thin film 100, thereby forming a first
patterned light-blocking layer and a first patterned metal
layer that are superimposed. Based on a similar concept,
patterning the second light-blocking thin film and the second
metal thin film specifically comprises exposing, developing,
and etching the second light-blocking thin film and the
second metal thin film, thereby forming a second patterned
light-blocking layer and a second patterned metal layer that
are superimposed.

An embodiment of the present disclosure further provides
a manufacturing method for an array substrate. Specifically,
an array substrate 10 1s arranged on the light emergent side
ol the display panel, and a first patterned light-blocking layer
1s formed on the light incident side of the first patterned
metal layer. In this way, when the first patterned light-
blocking layer 1s configured to block visible light, the first
patterned light-blocking layer can prevent light from 1rradi-
ating the first patterned metal layer, thereby preventing
reflection of light by the first patterned metal layer, and thus
avoiding reduce 1n the quality and contrast of the product.
Similarly, when the first patterned light-blocking layer only
allows passage of light 1n one polarization direction, and the
array substrate 10 1s further provided with a polarizer 101,
the light passing through the polarizer 101 of the array
substrate 10 1s linearly polarized light. In this case, the
transmission axis of the polarizer 101 1s perpendicular to the
polarization direction of the light that the first patterned
light-blocking layer allows to pass therethrough. Thus, when
the linearly polarized light passing through the polarizer
irradiates the first patterned light-blocking layer, 1t will be
blocked by the first patterned light-blocking layer. There-
fore, light cannot wrradiate the first patterned metal layer.
This can prevent reflection of light by the first patterned
metal layer, and thus avoid reducing the quality and contrast
of the product. Similarly, the second patterned light-block-
ing layer can prevent light from irradiating the second
patterned metal layer. This can prevent reflection of light by
the second patterned metal layer, and thus avoid reducing the
quality and contrast of the product.

To sum up, according to an embodiment of the present
disclosure, by forming the first patterned light-blocking
layer and the first patterned metal layer simultaneously by a
patterning process, and/or forming the second patterned
light-blocking layer and the second patterned metal layer
simultaneously by a patterning process, the manufacture
process of the array substrate can be simplified.

The above description 1s only specific embodiments of the
present disclosure, but the protection scope of the present
disclosure 1s not limited thereto. Any variation or substitu-
tion, easily conceivable within the technical scope disclosed
in the present disclosure for a skilled person who 1s familiar
with this technical field, shall fall within the protection scope
ol the present disclosure. Therefore, the protection scope of
the present disclosure shall be subject to the protection scope
of the appended claims.

The invention claimed 1s:

1. An array substrate, comprising a display area and a
non-display area,

wherein the display area comprises a plurality of pixel

regions and a pixel definition region between various
pixel regions,

wherein the array substrate further comprises a base

substrate, as well as a patterned metal layer and a
patterned light-blocking layer superimposed in the
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pixel definition region on the base substrate, wherein
the patterned light-blocking layer i1s closer to a light
incident side of the array substrate than the patterned
metal layer 1s,

wherein the patterned light-blocking layer 1s made of a
non-metallic material,

wherein an orthogonal projection of the patterned light-
blocking layer on the pixel definition region at least
partially overlaps that of the patterned metal layer on
the pixel definition region, and

wherein the patterned light-blocking layer 1s made of a
rod quantum dot material and only allows passage of
light 1n one polarization direction, and a long-axis
direction of rod quantum dots 1n the rod quantum dot
material 1s the same as said one polanzation direction.

2. The array substrate according to claim 1, wherein

an orthogonal projection of the patterned light-blocking
layer on the pixel definition region completely covers
that of the patterned metal layer on the pixel definition
region.

3. The array substrate according to claim 2, wherein

the patterned metal layer comprises a first patterned metal
layer and a second patterned metal layer that are
superimposed, and

the patterned light-blocking layer comprises a first pat-
terned light-blocking layer and a second patterned
light-blocking layer that are superimposed, wherein

the first patterned light-blocking layer and the first pat-
terned metal layer are formed by one patterning pro-
cess, and the second patterned light-blocking layer and
the second patterned metal layer are formed by one
patterning process.

4. The array substrate according to claim 1, wherein

the patterned light-blocking layer 1s formed between the
patterned metal layer and the base substrate.

5. The array substrate according to claim 4, wherein

the patterned metal layer comprises a first patterned metal
layer and a second patterned metal layer that are
superimposed, and

the patterned light-blocking layer comprises a first pat-
terned light-blocking layer and a second patterned
light-blocking layer that are superimposed, wherein

the first patterned light-blocking layer and the first pat-
terned metal layer are formed by one patterning pro-
cess, and the second patterned light-blocking layer and
the second patterned metal layer are formed by one
patterning process.

6. The array substrate according to claim 1, wherein

the patterned light-blocking layer and the pixel definition
region completely coincide.

7. The array substrate according to claim 1, wherein

the patterned metal layer comprises a first patterned metal
layer and a second patterned metal layer that are
superimposed, and

the patterned light-blocking layer comprises a first pat-
terned light-blocking layer and a second patterned
light-blocking layer that are superimposed, wherein

the first patterned light-blocking layer and the first pat-
terned metal layer are formed by one patterning pro-
cess, and the second patterned light-blocking layer and
the second patterned metal layer are formed by one
patterning process.

8. A display panel, comprising:

the array substrate according to claim 1; and

a color filter substrate.
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9. The display panel according to claam 8, wherein

the patterned light-blocking layer on the array substrate
only allows passage of light 1n one polarization direc-
tion, and

the display panel further comprises a polarizer arranged
on the array substrate, wherein

a transmission axis of the polarizer 1s perpendicular to
said one polarization direction.

10. A display device, comprising:

the display panel according to claim 8; and

a backlight source, wherein

the color filter substrate of the display panel is closer to
the backlight source than the array substrate is.

11. A manufacturing method for an array substrate,

wherein the array substrate comprises a display area and a
non-display area, and the display area comprises a plurality
of pixel regions and a pixel definition region between
various pixel regions,

the manufacturing method comprising steps of:

forming a non-metallic light-blocking thin film on the
base substrate,

forming a patterned light-blocking layer in the pixel
definition region by a patterning process, wherein the
patterned light-blocking layer 1s made of a rod quantum
dot material and only allows passage of light in one
polarization direction, and a long-axis direction of rod
quantum dots 1n the rod quantum dot material i1s the
same as said one polarization direction, and

forming a patterned metal layer on a light incident side of
the patterned light-blocking layer, wherein

an orthogonal projection of the patterned light-blocking

16

12. A manufacturing method for an array substrate,

wherein the array substrate comprises a display area and a
non-display area, and the display area comprises a plurality
of pixel regions and a pixel definition region between

> various pixel regions,
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layer on the pixel definition region at least partially >0

overlaps that of the patterned metal layer on the pixel
definition region.

the manufacturing method comprising at least one of steps

of:

forming a first light-blocking thin film and a first metal
thin film sequentially on the base substrate, and pat-
terning the first light-blocking thin film and the first
metal thin film simultaneously, so as to form a first
patterned light-blocking layer and a first patterned
metal layer that are superimposed, wherein the first
patterned metal layer comprises gate lines and a gate
electrode; and

forming a second light-blocking thin film and a second
metal thin film sequentially on the base substrate, and
patterning the second light-blocking thin film and the
second metal thin film simultaneously, so as to form a
second patterned light-blocking layer and a second
patterned metal layer that are superimposed, wherein
the second patterned metal layer comprises data lines
and a source-drain electrode,

wherein the first patterned light-blocking layer and the
second patterned light-blocking layer are made of a rod
quantum dot material and only allows passage of light
in one polarization direction, and a long-axis direction
of rod quantum dots 1n the rod quantum dot matenal 1s
the same as said one polarization direction.
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